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TO THE COMMISSIONER FOR PATENTS: TSCH CENFEfl 1600/2900 

I, Dr. Jonathan Kil, declare as follows: 

1. I am the CEO of Sound Pharmaceuticals, Inc., Seattle, Washington, and I am 
familiar with the subject matter disclosed and claimed in the above-identified application. 

2. A copy of my curriculum vitae is appended hereto as Attachment B. 

3. I have considered the Office Action dated September 10, 2002, issued in the 
above-identified application. It is my understanding that the Examiner has rejected claims in the 
application on the basis of lack of enablement. The Examiner has relied on Pfister & 
Lowenheim (2002) Gentherapeutische Aspecte am Innohr, pp. 50-7, Lowenheim et al. (1999) 
Proc. Natl. Acad ScL U.S.A. 96:4084-8, and Chen & Segil (1999) Development 126:1581-90 to 
conclude that it would take undue experimentation to control the development of sensory cells by 
administering an inhibitor of cell cycle inhibitors. In addition, the Examiner has relied on 
Agrawal & Kandimalla (2000) Molec. Med Today 6:72-81, Branch (1998) 7755 23:45-50, 
Green et al. (2000) J. Am. Coll Surg. 191:93-105, and Jen & Gerwirtz (2000) Stem Cells 18:307- 
319 to conclude that the therapeutic use of antisense oligonucleotides was an unpredictable art at 
the time the invention was made. 
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4. My colleagues and I conducted the following experiments to evaluate the effect of 
p27 Ki P 1 antisense oligonucleotide SPI5101 on proliferation on supporting cells in the organ of 
Corti of the inner ear. 

5. To test whether inhibition of the p27 Ki P I gene product would allow post-mitotic, 
terminally differentiated p27 Ki P 1+/+ supporting cells to proliferate, we treated wild-type cochlear 
cultures with a 15mer p27 Ki P* antisense oligonucleotide (SPI5101), that had been developed to 
inhibit human and murine p27Kipl (Coats et al. (1996) Science 272(5263):877-80). Cultures 
were treated with 1 mM neomycin sulfate, an ototoxic antibiotic, for 48 hours. SPI5101 was 
then transfected to the remaining supporting cells by lipofection for 24-48 hours at 40nM in 
culture media containing 1 micromolar bromodeoxyuridine (BrdU). Antisense oligonucleotides 
that were FITC-conjugated could be detected within live supporting cells after 24 hours of 
lipofection. After 48 hours of lipofection, 18.6 + 6.0 FITC-positive supporting cells were 
observed per 500 micrometer length of sensory epithelium. Cultures treated with SPI5101 
possessed an average of 5.6 + 3.0 BrdU labeled supporting cells per 500 micrometers (P <0.001), 
while cultures treated with lipid only contained 0.3 ± 0.5, and cultures treated with random sense 
oligonucleotides had an average of 0,5 ± 0.8 BrdU labeled cells. BrdU-positive supporting cells 
were observed in all cochlear cultures treated with SPI5 101 . 

6. To validate p27 Ki P 1 antisense antagonism as a viable therapeutic modality for the 
induction of proliferation in the cochlea in vivo, 10 micromolar SPI5101 was delivered to adult 
Guinea pigs. SPI5101 drug delivery (0.5 microliter/hr, 7 days) was by mini-osmotic pump 
through a catheter to the inner ear of Guinea pigs previously exposed to an ototoxic lesion 
(gentamycin 0.125 mg/ml, 0.5 microliter/hr, 7 days). In addition to SPI5101, BrdU was added to 
allow identification of proliferating cells. Western blot analysis from perfused cochlea showed 
decreases in p27 protein levels relative to control cochlea following SPI5101 delivery (see 
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FIGURE 1). Two out of five animals in this series treated with 10 micromolar SPI5101 showed 
proliferation in the organ of Corti as observed in both whole mount and cross-sectioned tissues. 
In contrast, control animals receiving BrdU alone or in combination with a GC-content-matched 
random sense control oligonucleotide did not show proliferation in the organ of Corti. 

7. My colleagues and I have identified novel antisense p27 Ki P ! oligonucleotides that 
are significantly better at reducing both p27 Ki P 1 mRNA and protein levels than SPI5101 by 
evaluating variations in chemical composition of antisense p27 Kl P ] oligonucleotides (i.e., 
phosphate backbone linkage), length (15-25mer), and sequence. To date, the most significant 
improvement has come through sequence and length variation of the oligonucleotide. A 25mer 
phosphothioate (SPI5505) emerged as the best candidate for decreasing both cellular p27 Ki P 1 
RNA and protein levels, as described below. 

8. The effect of antisense oligonucleotides on p27 Ki P* mRNA and protein levels was 
evaluated by lipofecting the following oligonucleotides into NIH3T3 cells at lOOnM in three 
separate culture plates: SPI5101, a random sense control for SPI5101 (SPI5102), a sequence 
optimized phosphothioate 25 base antisense oligonucleotide (SPI5505), and a random sense 
control for SPI5505 (SPI5514). Real time quantitative PCR (TaqMan) was used to determine 
p 27Kipl m RNA levels. Densitometric analysis of Western blots was used to determine p27 Ki P* 
protein levels, which were standardized relative to alpha-tubulin levels in each sample. A 
significant reduction in p27 Ki P ! mRNA levels was observed using SPI5505 compared to 
SPI5101 (FIGURE 2). Moreover, SPI5505 results in a dramatic dose-dependant reduction in 
p27Kipi m RNA levels in lipofected NIH3T3 cells as compared to the sense control (see FIGURE 
3). Similarly, SPI5505 results in a dramatic dose-dependent reduction in p27 Ki P* protein levels 
in serum starved NIH3T3 cells as compared to the sense control (see FIGURE 4). 
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9. All statements made herein and of my own knowledge are true, and all statements 
made on information and belief are believed to be true; and further, these statements were made 
with the knowledge that willful, false statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the United States Code, and that such 
willful, false statements may jeopardize the validity of the above-identified application or any 
patent issued thereon. 



Respectfully submitted, 




Date: 



:KBB 
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p27kip1 expression in guinea pig cochleae treated with 
p27 AON in vivo 
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Antisense Optimization: p27Kip1 mRNA levels 
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SPI5505 Dose Response via TaqMan: 
p27 mRNA levels 
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FIGURE 3 



SPI5505 Dose Response via western blot: 
p27 protein levels 
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[FULL-TEXT ARTICLE 



Antisense oligonucleotides to the GluR2 AMPA receptor subunit modify 
excitatory synaptic transmission in vivo. 

d'Aldin C, Caicedo A, Ruel J, Renard N, Pujol R, Puel JL. 

INSERM U.254 Universite Montpellier I, Laboratoire de Neurobiologie de l'Audition, Plasticite 
Synaptique, CHR Saint Charles, Montpellier, France. 

In the brain, fast wxcitatory synaptic transmission is mostly mediated by the alpha-amino-3- 
hydroxy-5-methyl-isoxazole-propionic acid (AMPA) subtype of the glutamate receptors. 
Molecular cloning has revealed that four subunits, GluRl, GluR2, GluR3, and GluR4 form 
heteromeric receptors with high affinity for AMPA. Because antagonists and agonists do not 
discriminate between individual AMPA receptor subunits, we decided to use antisense 
oligonucleotides to block the expression of the GluR2 subunit within the receptor complex in 
adult animals. In the present study, we exploited several advantages afforded by the guinea pig 
cochlea to determine whether an antisense oligonucleotide directed to the mRNA of the GluR2 
subunit could modify primary auditory neurotransmission. While a random probe with the same 
base composition had no effect, a GluR2 antisense oligonucleotide, continuously delivered into 
the cochlea, transiently reduced the compound action potential and diminished spontaneous 
activity of single auditory nerve fibers. Although antisense oligonucleotides penetrated a variety 
of cells, their effect could be physiologically localized to a single site of GluR2 antisense probe 
action, the primary auditory neuron. Subunit specificity of this effect was confirmed by a 
significant reduction in GluR2/3, but not GluR4 immunoreactivity in primary auditory neurons. 
Besides being the first demonstration that transient knockout of GluR2 subunit in adult animal 
modifies excitatory synaptic transmission in vivo, these results support the use of the antisense 
strategy as a powerful tool for blocking expression of any gene in the cochlea. 

PMID: 9645970 [PubMed - indexed for MEDLINE] 
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Phosphorothioate oligodeoxynucleotides can selectively alter neuronal activity in 
the cochlea. 



LeBlanc CS, Fallon M, Parker MS, Skellett R, Bobbin RP. 

Department of Otorhinolaryngology and Biocommunication, Louisiana State University Medical 
Center, New Orleans 701 12-2234, USA. 

A growing body of evidence indicates that extracellular adenosine triphosphate (ATP) may have a 
major role in cochlear function. Antagonists of ionotropic ATP receptors (P2X2) have significant 
effects on cochlear potentials and distortion product otoacoustic emissions (DPOAEs). We tested 
whether antisense oligodeoxynucleotides (ODNs) would mimic the functional deficiencies 
induced by the ATP antagonists through binding to P2X2 ATP receptor mRNA and thereby 
reduce the number of ATP receptors expressed in the membrane of the cells. Both a 
phosphorothioate ODN (S-ODN) antisense and a phosphodiester ODN (P-ODN) antisense to the 
P2X2 sequence and random sense ODNs containing 2 1 nucleotides were administered chronically 
(7 days) to the guinea pig cochlea via the perilymph compartment. Sound evoked cochlear 
potentials (cochlear microphonic; summating potential; compound action potential of the auditory 
nerve, CAP; latency of the first negative peak in the CAP, Nl latency) and DPOAEs were 
monitored to assess the effects of the ODNs. Results indicate that the phosphorothioate 
derivatives of both the antisense and random sense ODNs suppressed the CAP and prolonged the 
Nl latency with no significant effect on the other parameters. The P-ODNs had no effect. Since 
both the antisense and random sense S-ODNs had the same effect, we conclude that the S-ODNs 
affected neuronal function in a manner that did not involve binding to the ATP receptor mRNA. 

PMID: 10491959 [PubMed - indexed for MEDLINE] 
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Cationic liposome mediated transgene expression 
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Abstract 

Sensorineural hearing loss affects nearly 10% of the American population that is refractory to conventional therapy. Gene therapy 
represents an intervention with potential therapeutic efficacy. We studied the feasibility of cationic liposome mediated gene transfer 
within the guinea pig cochlea in vivo following direct microinjection into the cochlea. Transgene expression was persistent up to 14 
days in the neurosensory epitheiia and surrounding tissue without toxicity and inflammation in the target organ. This study 
represents the first successful use of cationic liposomes for cochlear gene transfer thus providing a safe and rapid alternative to the 
use of recombinant viral vectors in gene therapy for inner ear disorders. © 1999 Elsevier Science B.V. All rights reserved. 

Key words: Mammalian cochlea; Cationic liposome; Gene therapy; Transgene expression 



1. Introduction 

Studies investigating cochlear gene therapy have 
been initiated using a variety of viral vectors and guinea 
pig as the animal model. Several laboratories have es- 
tablished the relative feasibility of in vivo introduction 
and expression of a marker gene within the cochlea of a 
guinea pig, using viral vectors. These include the repli- 
cation-defective derivative of the adeno-associated virus 
(AAV) (Lalwani et al, 1996) and the adenovirus (Ad) 
(Raphael et al., 1996). The use of these vectors in coch- 
lear gene therapy studies has also revealed their major 
drawbacks. Relatively low viral titers and their pro- 
longed preparation time represent the major technical 
limitation with the use of AAV, while the use of Ad is 
beset with problems associated with its immunogenicity. 
Safety concerns and the difficulty with readily obtaining 
high concentrations of recombinant virus may be cir- 
cumvented with the use of cationic lipid vesicles or lip- 
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osomes as gene transfer vectors (Lee and Huang, 1997; 
Flotte andVerkol, 1997; Gao and Huang, 1995). 

Cationic liposomes are non-immunogenic and easily 
prepared in large amounts. The liposomes can then be 
mixed with DNA of virtually any size to yield com- 
plexes that are held together through ionic interactions. 
Although the complexes are not stable structurally in 
the presence of serum, binding of the liposome-DNA 
complex, or lipoplex, to the plasma membrane results in 
transfection of many cell types (Feigner, 1997; Stewart 
et al., 1992). The lipoplex does not replicate or recom- 
bine and in general does not integrate into the genome 
of the host cell Hence, the cationic liposome bound 
DNA poses minimal risk of insertional mutagenesis. 

The safety and effectiveness of the cationic liposomes 
for gene delivery has been demonstrated in vitro and in 
vivo (local injection) in many studies including two clin- 
ical trials. In vivo studies have shown the use of lip- 
osome mediated gene delivery for tumor control and 
suppression resulting in longer survival in mouse model 
systems (Hsiao et al., 1997). Liposome mediated gene 
transfer has been clinically applied in the treatment of 
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cystic fibrosis. Direct administration of liposome-DNA 
(CFTR cDNA) complexes to the nasal epithelium of 
patients with cystic fibrosis yielded functional gene 
transfer in six of eight patients, with two patients show- 
ing transient functional correction of the CF chloride 
transport abnormality. The treated patients did not dis- 
play acute adverse effects (Gill et al., 1997). 

The use of liposomes as gene transfer vectors has 
also revealed several potential limitations. Their relative 
absence of tissue specificity represents one such limita- 
tion. Neutral or negatively charged liposomes have been 
found to be taken up by macrophages after systemic 
injection (Allen, 1994). This shortcoming has been re- 
solved by incorporating targeting ligands, including 
transferrin (Stavridis et al., 1986) and surfactant pro- 
teins (Walther et al, 1993) in the liposome-DNA com- 
plex, thus facilitating greater cell/tissue specificity dur- 
ing gene delivery. Compared with viral vectors, 
liposome-mediated gene delivery has been inefficient. 
However, modification of the liposome formulation, in- 
cluding changes in neutral lipids, has been shown to 
have profound effects of efficiency of transfection 
(Hong et al.. 1997). Thus, transfection efficiency of lip- 
osome-DNA complexes in some tissues has approached 
that of recombinant viruses. Inefficient DNA entry into 
cytoplasm and translocation to the nucleus are also 
considered to hinder expression of liposome complexed 
genes. This factor is being addressed through inclusion 
of viral components within the liposomes to enhance 
their nuclear entry and survival of the conjugated 
DNA (Kaneda et al., 1989). A related concern with 
the use of liposomes is the duration of transgene ex- 
pression. Expression of most transgenes delivered by 
cationic liposomes has been shown to last for a week 
or less. However, some studies have shown transgene 
expression to last several weeks; both six and nine 
weeks duration of expression have been documented 
using liposome mediated gene transfer (Jiao et al., 
1992; Nabel et al.. 1990; Zhu et al., 1993). 

The shortcomings associated with the use of cationic 
liposomes are significantly counterbalanced by a num- 
ber of critical attributes. These include their ability to 
use a range of DNA constructs - from simple plasmids 
to chromosomal fragments, their ease of preparation in 
large concentrations, relatively simple transfection pro- 
tocols and their non-immunogenicity and safety. This 
study reports the use of cationic liposomes to introduce 
an exogenous marker gene within the guinea pig coch- 
lea. 



2. Materials and methods 

2.7. Preparation of liposomes 

Cationic liposomes were prepared in 5% (w/v) dex- 



trose solution as previously described (Hong et al., 
1997). Briefly, DDAB was mixed with cholesterol in 
chloroform at 1 :1 molar ratio. The mixture was evapo- 
rated and hydrated in 5% dextrose solution. The sus- 
pension was then sonicated and stored under argon at 
4°C. 

2.2. Preparation of transfection complexes 

Transfection complexes were formed by pipetting 
plasmid into a liposome suspension of equal volume, 
DNA (1 ug): dimethyldioctadecylammonium bromide 
(DDAB)-cholesterol (12 nmol). The final DNA concen- 
tration of the complexes was 200 ug/ml. 

2.3. Animal model 

The Hartley guinea pig was used as the animal model 
due to the relatively large size of the cochlea compared 
to mouse and rat. and ease of the surgical manipulation 
in this species. 

2.4. Number of animals 

A total of five animals were infused and assessed for 
individual time periods. Four additional animals were 
infused with liposomes alone and served as negative 
controls. 

2.5. Animal surgery and local delivery of the 
liposon i e-DNA complex 

Two methods of gene vehicle delivery were em- 
ployed. Of these two. the direct injection method was 
the primary mode of gene delivery. Animals were ini- 
tially anesthetized with a combination of intramuscular 
ketamine (50 mg/kg) and the analgesic xylazine (9 mg/ 
kg), and administered antibiotic prophylaxis using 4 mg 
of trimethoprim and 20 mg of sulfadiazine. 

Direct injection involved a post-auricular incision, a 
wide opening of the bulla and visualization of the 
round window membrane after minimal bone removal 
in that area. Using a micro-manipulator and a micro- 
syringe (Unimetrics) armed with a glass needle, the 
round window membrane was punctured. Ten ul of 
mixture was injected over a period of 20 min. Total 
operating time was in the order of 30^0 min. 

In the osmotic minipump infusion method the tym- 
panic bulla was exposed via a post-auricular incision 
and opened to allow visualization of the basal turn of 
the cochlea. A cochleostomy about 1 mm inferior to the 
round window was fashioned using a 0.5-mm diamond 
burr. The basilar membrane, visible through the coch- 
leostomy, allows confirmation of the correct positioning 
of the cochleostomy. The catheter of the pump was 
then introduced into the basal turn of the cochlea via 
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the cochleostomy. The body of the pump was inserted 
in a subcutaneous pocket. The skin incision was closed 
in layers. This method required less operating time, in 
the order of 15-20 min. Prior to surgery, Alzet osmotic 
minipumps model 1007 (Alza Corporation, Palo Alto, 
CA. USA) were prepared by connecting PE50 and 
PE10 polyethylene tubing (lntramedic, Becton Dickin- 
son, Parsippany, NJ, USA) to the flow moderator on 
the pump. The flow rate of 1007 Alzet minipump is 0.5 
jul/h and delivers its entire reservoir of 100 \i\ over 8.3 
days. The pumps were primed by filling with the rele- 
vant infusate, under sterile conditions, and incubating 
overnight at 37°C. 

2.6. Tissue processing 

At the time of sacrifice, the animals were perfusion- 
fixed with a solution of 4.0% paraformaldehyde in 0.1 
M phosphate buffer. pH 7.4. Animals were sacrificed at 
various time intervals with an intraperitoneal overdose 
of sodium pentobarbital (250 mg/kg) and bilateral thor- 
acotomy. Temporal bones were harvested from both 
sides of the head. Each bulla was opened using ron- 
geurs to expose the cochlea. The stapes was removed 
and the cochlea fixed by perfusion of 4.0% paraformal- 
dehyde through the round window. The cochlea was 
then removed from the remaining temporal bone and 
immersed in 4.0% paraformaldehyde overnight at 4°C. 
After complete fixation, specimens were decalcified in 
0.2 M EDTA/1 X PBS/4.0% paraformaldehyde for 2- 
3 weeks with at least three solution changes. Following 
decalcification, the specimens were placed in 0.9% sal- 
ine, dehydrated through a graded alcohol series and 
then equilibrated in xylenes. Specimens are embedded 
in paraffin and sectioned at 6-8 jum on a microtome 
(Leica RM2035). 

2.7. I mnumohisto chemistry for detection of j3-gaf 
expression and cell-mediated immune response 

The paraffin-embedded cochlear sections were dew- 
axed, blocked with 10% NHS, 0.1% Tween 20 in PBS 
and then hybridized overnight with the relevant pri- 
mary antibody. 

(J-gal expression was detected using mouse anti-£. 
colt |3-gal antibody. The sections were washed to re- 
move unbound antibody and then hybridized with a 
secondary antibody (biotin labeled anti-mouse lgG 
monoclonal antibody). The bound label was amplified 
using the ABC reagent (Vector) and then developed 
with DAB. Sections were examined under low and 
high power magnification and the presence or absence 
of staining in different parts and their relative intensity 
noted. 

Presence of cell-mediated immune response was char- 
acterized using antibodies against the guinea pig T4 
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lymphocytes (anti-CD45 antibody, clone no. 1H-1) 
and macrophages (anti-Ll antibodies, clone no. 
MAC387). Both of these antibodies are supplied by 
Serotec, Raleigh, NC, USA. The hybridized sections 
were then processed as described above. 

2.8. Detection of the transgene. within tissue sections via 
PCR analysis 

DNA extracted from tissue sections was character- 
ized for the presence of the liposome-(3-gal complex via 
PCR analysis. Briefly, paraffin embedded tissue sections 
were scraped off the slides and incubated at 94°C for 
20 min in the presence of 50 |il of 1% Triton X-100. 
One jil of the extract was then used as a template along 
with 10 picomoles of forward and reverse (3-gal specific 
primers ((3-galA: CGG GTT GTT ACT CGC TCA 
CAT TTA, and (3-galB: CGC ACG ATA GAG ATT 
CGG GAT TTC) in a 20-ul PCR reaction with stand- 
ard concentrations of other reagents. The conditions of 
PCR amplification were as follows: 94°C for 4 min: 
then, 5 cycles of 94°C for 1 min. 65°C for 1 min, and 
72°C for 1 min: then 30 cycles of 94°C for 1 min. 55°C 
for 1 min. and 72°C for 1 min followed by an extension 
for 5 min at 72°C. Appearance of a 450-bp long PCR 
product resolved on a 1% agarose gel is indicative of 
the presence of the transgene within tissue. 

3. Results 

3. 1. Immunohisfochemical characterization of the 
transgene expression 

Tissue sections from guinea pig cochlea injected with 
liposome-P-gal and harvested at 1. 3. 7 and 14 days 
were assayed in situ for expression of the transgene 
product via immunohistochemistry. Immunoreactivity 
to polyclonal (3-gal antibodies, detected through DAB 
staining, was observed in the (3-gal-iirjected cochleae 
harvested at 3, 7 (Fig. 1A) and 14 days (Fig. IB and 
C). Nearly all tissue types within the liposome injected 
cochleae - surrounding the cochlear duct as well as 
within the bony modiolus and extending from the 
base to the apex - were positive for (3-gal expression. 
The transfected tissue types include the spiral ligament, 
spiral limbus, organ of Corti, Reissner's membrane and 
the spiral ganglia containing the primary auditory neu- 
rons. A tissue type that did not display (3-gal immuno- 
reactivity was the stria vascularis. 

Amongst the transfected tissues, the spiral ligament 
expressed most intense p-gal immunoreactivity. Organ 
of Corti, the auditory sensory neuroepithelia, is also 
transfected as illustrated in Fig. 1C. The three rows of 
outer hair cells (OHC) and the supporting cells that 
surround these sensory cells are clearly visible in this- 
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Fig. 1. Liposome mediated P -gal expression within the guinea pig cochlea. Radial sections of the guinea pi« ; cochlea, harvested 1 from liposome- 
P-gal or liposome injected ammals were hybridized with (5-gal antibody and then developed usmg a b.otm labeled 2» .nubody, Vector ABC am_ 
plfficatton system and then stained with DAB. The cochleae were harvested from liposome-P-gal mjectec animate saenficed a. sev^n <A K and 
14 (B and C) days post-injection or from liposome injected animals (D). While the hposome-njected cochlea .s free of P-gal 
liposome-P-gal injected cochleae revea. P - g al immunoreactivity in several different ussue types that surround the coch lear duct The transected 
tissues include the spiral ligament, spiral limbus, the organ of Corti, Reissner's membrane and the sp.ral ganglia. The organ of Cort, seen m B 
is illustrated at a higher magnification in C. 
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Fig. 1 (continued). 
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Fig. 3. PCR detection of the p-gal transgene. DNA extracted from paraffin embedded cochlear sections (used for immunohistochemical detec- 
tion of p-gal) was amplified using either p-gal specific primers or for the gene encoding the membrane component protein (MCP) primers. The 
PCR product was resolved on a 1% agarose gel and detected using fluorescent ethidium bromide stain. DNA from the liposome-p-gal infused 
cochlear sections, harvested at 1, 3, 7 and 14 days post-injection (lanes 1, 2. 3 and 4). but not the corresponding contralateral sections (lanes 5. 
6, 7 and 8) yield a p-gal-specific size fragment of 450 bp. The presence of genomic DNA in all samples assayed is reflected by the guinea pig 
genome-specific 400-bp fragments generated using guinea pig MCP primers (lanes 11-18). 



photomicrograph. The brown DAB stain is present 
within the intact OHC as well as the supporting cells 
indicating marker gene expression within these cell 
types and detected via anti-(3-gal antibody. Although 
the transgene expression persists 14 days post-injection 
(Fig. IB), the intensity of p-gal immunoreactivity is 
relatively greater in the tissue sections from cochleae 
harvested at 7 days than 14 days post-injection (Fig. 
1A and B). The relative decrease in immunoreactivity 
with time is indicative of a corresponding decrease in 
expression level of the transgene product. Cochlear sec- 
tions of animals infused with liposomes (devoid of the 
transgene, p-gal) as well as saline were free of P-gal 
immunoreactivity (Fig. 1C). The contralateral cochleae 
of liposome-P-gal infused animals were also free of JJ- 
gal immunoreactivity (data not shown). 

3.2. Effect of the mode of delivery of the 

Uposome-transgene complex upon cochlear 
cytoarchitecture and host-mediated immune response 

In addition to illustrating P-gal immunoreactivity. 
the photomicrographs in Fig. 1 also demonstrate rela- 
tively intact cochlear cytoarchitecture. These represen- 
tative cochlear sections show no apparent signs of cel- 
lular degeneration or toxicity due to either the mode of 
vector delivery to the cochlea or the liposome/gene 
transfer vector or the transgene/transgene product. 
The cochlear sections from micro-injected animals 
were also characterized for immediate/acute inflamma- 
tory response. Antibodies to the T cell antigen, CD 45, 
and to the monocyte/macrophage antigen, LAI, were 
non-reactive against tissue sections from cochleae in- 
jected with liposome-P-gal (Fig. 2A). 

Unlike the cochleae from micro-injected animals, 



cochleae from animals infused with liposome-p-gal via 
an osmotic mini-pump revealed significant fibrosis and 
acute immune response localized at the site of cochle- 
ostomy. Although non-reactive with Abs to the T cell 
antigen, CD 45, immunoreactivity to the monocyte/ 
macrophage antigen. LAI. was detected in the tissue 
sections from liposome-p-gal infused cochleae (Fig. 2B). 

3.3. PCR detection of the transgene (fi-ged expression 
plasm id) 

The presence of the transgene within the ipsilateral 
and contralateral cochleae of P-gal infused animals was 
separately assessed via a PCR-based assay. DNA was 
extracted from paraffin embedded cochlear sections 
(used for immunohistochemical detection of p-gal) 
and then amplified using either p-gal specific primers 
or for the gene encoding the membrane component 
protein (MCP) primers. The PCR products were re- 
solved on a 1% agarose gel and the results illustrated 
in Fig. 3. A p-gal-specific size fragment of 450 bp was 
observed from DNA extract of the ipsilateral (lipo- 
some-p-gal infused) cochlear sections, harvested at 1, 
3, 7 and 14 days post-injection (lanes 1, 2, 3 and 4), 
but not the corresponding contra-lateral sections (lanes 
5, 6, 7 and 8). The presence and relative equivalency of 
genomic DNA amongst the extracts is reflected by the 
presence of equally intense 400-bp fragments generated 
using primers for the gene encoding the guinea pig 
membrane component protein (MCP) (lanes 11-18). 



4, Discussion 

Cochlear gene therapy studies have exclusively uti- 
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lized viral vectors for gene delivery. Although these 
studies have demonstrated feasibility of expressing 
transgenes within cochlear tissues, they have also ex- 
posed several major limitations associated with the 
use of viral vectors. These limitations include substan- 
tial time and effort involved in the preparation of the 
recombinant viral vectors and the potential safety haz- 
ards associated with their use. This study demonstrates 
the feasibility of using cationic liposomes to introduce 
exogenous genes directly within a mammalian cochlea, 
in vivo. Intracochlear injection or infusion of liposome- 
pCMV-|3-gal complex, through the perilymph of scalae 
tympani, was shown to result in transfection and ex- 
pression of p-gal in a number of different tissue types 
within the cochlea. Expression of the transgene prod- 
uct. P-gal, was shown to persist for up to two weeks 
following intracochlear infusion of the transfection 
complex. In addition, the cochleae of animals micro- 
injected with the liposome-pCMV-p-gal complex were 
free of inflammatory response and cytotoxicity. The 
results of this study represent the first documented use 
of the cationic liposomes to transfect and express a 
transgene within cochlear tissues. 

The cochlear tissue types that expressed the trans- 
gene include the spiral ligament, spiral limbus, spiral 
ganglia as well as the organ of Corti. Although the 
cationic liposomes are not known to differentiate be- 
tween cell types, particular cell types do show relatively 
higher expression of the transgene while other cell types 
appear to be refractory to transfection. Type I and type 
II fibrocytes of the spiral ligament revealed the highest 
level of the transgene expression. Also of importance is 
the liposome mediated transgene expression within the 
cells of the organ of Corti. including the OHC. On the 
other hand, stria vascularis, an extensively vascular tis- 
sue type that forms the lateral boundary for the endo- 
lymph and is considered to be critical in the mainte- 
nance of its ionic balance, was devoid of transgene 
expression. The apparent absence of transfection in 
stria vascularis may result from exclusion of the trans- 
fection complex from the endolymph. However, not all 
tissue types that are transfected, e.g., the spiral ganglia, 
are directly accessible from the perilymphatic circula- 
tion into which the transfection complex is introduced. 
Cochlear microcirculation represents a potential migra- 
tory route for the dissemination of the transfection 
complex to the tissues distant from the perilymph. It 
is also possible that the transfection complex reached 
its target sites via simple diffusion from the site of its 
introduction. Consistent with this possibility is the ob- 
servation of the transgene expression gradient that is 
highest at the base of the cochlea and diminishes to- 
wards the apex. 

The cochlear tissue types transfected by the lipo- 
some-P-gal complex as well as the transgene expression 
gradient are similar to those observed using the AAV as 



the gene transfer vector (Lalwani et al., 1996). Unlike 
the AAV mediated transgene expression in the infused 
(ipsilateral) and the contralateral cochleae, liposome 
mediated p-gal expression was detected in the infused 
(ipsilateral) and not the contralateral cochlea. Absence 
of the reporter gene within the contralateral ear was 
confirmed independently via PCR analysis of extracts 
from the contralateral cochlear sections. The route of 
intercochlear migration by the AAV is unknown, 
although major pathways include cerebrospinal fluid 
space, connected to the perilymphatic fluid via the coch- 
lear aqueduct, hematogenous circulation, and the bone 
marrow space of the temporal bone. The absence of 
liposome-p-gal complex within the contralateral cochlea 
may be a consequence of its larger size (260-560 nm in 
diameter) that may preclude its intercochlear dissemi- 
nation as observed with AAV (15-20 nm in diameter). 
The restriction of its passage to distant tissue sites such 
as the contralateral cochlea may represent a potentially 
beneficial safety attribute of the cationic liposomes as 
gene therapy vectors. 

Although the cochlear tissue or cell types transduced 
by AAV or transfected by cationic liposomes are sim- 
ilar, the level of transgene expression attained by these 
vectors remains to be determined. The similar transgene 
expression pattern of the cochlear tissues with cationic 
liposomes and AAV despite the relatively greater trans- 
duction efficiency of the former may be largely due to 
dosage effect. Approximately 10 1() CMV-P-gal plasmid 
copies complexed with the cationic liposomes were de- 
livered to the cochlea in the current study relative to 10° 
units of infectious AAV particles delivered to the coch- 
lea (Lalwani et al., 1996). 

Expression of the liposome-introduced transgene 
product was observed up to two weeks post-injection. 
Demonstration of persistence of the plasmid template 
within the tissue sections from cochleae harvested two 
weeks post-liposome-p-gal injection strongly refutes the 
possibility of the translated product persisting longer 
than its coding template. Persistence of the p-gal plas- 
mid in tissue sections from cochleae harvested two 
weeks post-liposome-p-gal injection also suggests po- 
tentially longer duration of in vivo transgene expres- 
sion. Presence of an eukaryotic origin of replication 
site within the pCMV-p vector enables its replication 
within eukaryotic cells and may contribute to its persis- 
tence in the transfected cells. 

Mode of delivery to the target site as well as gene 
transfer vector or the transgene product may individu- 
ally or collectively contribute to host-mediated local 
cytotoxicity and/or inflammatory response. Histopatho- 
logical and immunohistochemical analysis of cochlea 
microinjected with the gene transfer vector revealed a 
relatively intact cytoarchitecture and absence of inflam- 
matory response. Absence of cytotoxicity or inflamma- 
tory response in cochlea microinjected with the lipo- 
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some-p-gal complex suggests that the host may be able 
to sustain an increased or a multiple dose of the trans- 
feet ion complex, although physiologic effects of re- 
peated administration of the liposomes are not known. 
Pump-mediated infusion of the gene transfer vector was 
shown to cause localized trauma and acute inflamma- 
tory response at the site of catheterization. The 10-fold 
greater volume of the transfection complex that is in- 
fused by the pump relative to micro-injection into the 
cochlea does not appear to yield greater expression of 
the transgene. The results of this study support the use 
of micro-injection over pump-mediated infusion as the 
efficacious mode of delivery of the gene transfer vector 
to the cochlea. 

The successful use of the cationic liposomes as gene 
transfer vectors for the cochlea provides a safe and 
rapid alternative to the use of recombinant viral vectors 
for cochlear gene transfer studies. Liposome mediated 
gene transfer within the cochlea provides a rapid and 
useful strategy for functional analysis of the number of 
genes within the inner ear. 
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Requirement of p27 Kip1 for Restriction Point 
Control of the Fibroblast Cell Cycle 

Steve Coats, W. Michael Flanagan, Jamison Nourse, 
James M. Roberts 

| Cells deprived of serum mitogens will either undergo immediate cell cycle arrest or 
I complete mitosis and arrest in the next cell cycle. The transition from mitogen dependence 
Ito mitogen independence occurs in the mid- to late G., phase of the cell cycle and is called 
jthe restriction point. Murine Balb/c-3T3 fibroblasts deprived of serum mitogens accu- 
Simulated the cyclin-dependent kinase (CDK) inhibitor p27 Kip1 . This was correlated with 
ft inactivation of essential cyclin-CDK complexes and with cell cycle arrest in G v The 
|- ability of specific mitogens to allow transit through the restriction point paralleled their 
I ability to down-regulate p27, and antisense inhibition of p27 expression prevented cell 
^. cycle arrest in response to mitogen depletion. Therefore, p27 is an essential component 
if of the pathway that connects mitogenic signals to the cell cycle at the restriction point. 



H Cells can respond to the absence of mi- 
togenic signals and shift from a proliferat- 
1 ing state to a quiescent state only during a 
H brief window of time in the cell cycle. The 
transition from mitogen dependence to 
mitogen independence occurs during G x 
and has been called commitment (I). 
Many different antimitogenic signals 
cause the cell cycle to arrest at the same 
relative position in G p and cells become 
refractory to all of these signals at approx- 
imately the same time in mid- to late Gj 
(2). This was named the restriction point, 
extending the original notion of commit- 
ment to include cellular responses to a 
variety of mitogenic cues. Time- lapse cin- 
ematography of mitotically proliferating 
single cells has confirmed that mitogen 
depletion causes cells in early G t to im- 
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mediately exit the cell cycle, and that cell 
cycle commitment (autonomy from mito- 
genic signals) occurs in mid-G 1 (3). Thus, 
the proliferative effects of mitogenic sig- 
nals are dependent on cell cycle position 
and are likely to be mediated by their 
action on proteins that control movement 
through the cell cycle. 

Transit through G l and entry into the 
S phase requires the action of cyclin-de- 
pendent kinases (CDKs) (4), and CDKs 
are inactivated by growth inhibitory sig- 
nals (5). The catalytic activity of CDKs is 
regulated by two general mechanisms, pro- 
tein phosphorylation and association with 
regulatory subunits,. including the cyclins 
and the CDK inhibitors (CKIs) (6). The 
CKI directly implicated in mitogen-de- 
pendent CDK regulation is p27 Kipl (7). 
Amounts of p27 increase in quiescent cells 
and rapidly decrease after stimulation with 
specific mitogens (8). Moreover, constitu- 
tive expression of p27 in cultured cells 
causes cell cycle arrest in G t (7). Thus, 
p27 regulation may be an essential step in 
the pathway that links mitogenic signals 
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to cell cycle progression and may be a key 
molecular event in the physiological pro- 
cess of cell cycle commitment or passage 
through the restriction point. 

Subconfluent, exponentially proliferat- 
ing Balb/c-3T3 fibroblasts [retinoblastoma 
(Rb) wild type; p53 status unknown] 
transferred to medium containing low 
concentrations of serum mitogens arrest in 
G { within 24 hours, which is approximate- 
ly the length of one cell cycle (Fig. 1A). 
This demonstrates that Balb/c~3T3 cells 
require a mitogenic signal to proceed 
through each division cycle. G x arrest cor- 
related with a six- to eightfold increase in 
the amount of the p27 Klpi protein (Fig. 
IB). Similar increases in p27 expression 
occur in primary human diploid fibroblasts 
deprived of serum mitogens and in primary 
human T lymphocytes after withdrawal of 
interleukin-2, indicating that this is a 
common pattern of p27 expression in non- 
transformed cells (8). In Balb/c-3T3 cells, 
the amount of p27 started to increase 
within 4 hours of serum withdrawal, 
reached 60% of maximal amounts within 
12 hours, and peaked within 24 hours (9). 
The induction of p27 protein paralleled 
the accumulation of the initially asyn- 
chronous cell population in G y and was 
consistent with the hypothesis that it 
could play a critical role in the early 
events associated with exit from the cell 
cycle. 

In accord with this conclusion, cell 
cycle arrest of Balb/c-3T3 cells correlated 
with down-regulation of the cyclin 
E-Cdk2 and cyclin A-Cdk2 protein ki- 
nases (9), and this appeared to be related 
to induction of p27. First, both cyclin 
E-Cdk2 and cyclin A-Cdk2 were associat- 
ed with increased amounts of p27 after 
mitogen withdrawal (Fig. 2C). Second, 
immune-depletion experiments showed 
that only a small portion of cyclin E in 
proliferating cells was bound to p27, 
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^ii#in^rv arrested cells 
Similar results 

the abilities of specific 
tm^|\tS|en's:t6 both down-regulate p27 
d'jnduce' cell proliferation. Subconfiu- 
^^^roliferating Balb/c-3T3 cells were 
^ ^'"'-■irshsf erred to medium containing low 
concentrations of serum supplemented 
with single mitogens: platelet-derived 
growth factor BB (PDGF-BB), epidermal 
growth factor (EGF), or insulin-like 
growth factor 1 (1GF-1). Only PDGF-BB 
was sufficient to prevent G { arrest and 
induction of p27 (Fig. I, A and B; Table 
1). When grown at high cell density, no 
single mitogen is sufficient to cause pro- 
liferation. Instead, PDGF initially stimu- 
lates the density-arrested quiescent cells to 
become competent to respond to progres- 
sion factors IGF-l and EGF (II), Thus, 
passage through the restriction point does 
not occur until cells have been exposed to 
all three mitogens. In density -arrested 
cells, PDGF-BB alone was insufficient to 
alter the abundance of p27; rather, p27 
amounts declined once cells became com- 
mitted to proliferate in response to the 
complete mitogenic signal provided by the 
combined action of PDGF-BB, EGF, and 
IGF-l {12). Thus, under, two different 
growth arrest conditions, the ability of 
specific mitogens to stimulate passage 
through the restriction point correlated 
with their ability to regulate p27- De- 



Table 1. Cell cycle analysis. Balb/c-3T3 {14, 76) 
and SAOS-2 (74) cells were treated with antisense 
(AS) or mismatch (MSM) oligonucleotides as de- 
scribed. High and low designate celts grown in 
10% or 0.1% serum, respectively. The cell cycle 
distribution of cells treated with single growth fac- 
tors (PDGF-BB, IGF, or EGF) is also shown. The 
data are presented as the percentage of cells in 
each phase of the cell cycle as determined by flow 
cytometry (23). 



Celt type and 
condition 


G, 


S 


Gj/M 




Baib/c-3T3 






High serum 


63.7 


27.4 


8.9 


Low serum 


86.9 


9.3* 


3.9 


MSM-low 


817 


11.6 


6.7 


AS-!ow 


62.2 


23.4 


14.4 


MSM-high 


59.2 


26.8 


14.1 


AS-high 


42.3 


35.1 


22.6 


PDGF-BB 


69.4 


21.4 


9.2 


IGF-1 


83.2 


7.7 


9.1 


EGF 


90.5 


3.4 


6.1 


PDGF-IGF-1-EGF 


64,2 


23.8 


11.9 




SAOS-2 






High serum 


54.3 


25.8 


19.9 


Low serum 


70.6 


13.6 


15.8 


MSM-low 


60.5 


16.8 


22.7 


AS-low 


44.2 


27.9 


27.9 



*Flow cytometry analysis overestimated the percentage 
of cells in the S phase. BrdU staining demonstrated that 
under low serum conditions, 2 to 5% of the cells were in 
the S phase. 



creased amounts of p27 reflected the inte- 
grated action of trie collection of mitogens 
required for cell proliferation. 



We used antisense oligonucleotides toll 
block expression of the p27 protein and H 
thereby determine whether regulation of|£ 



High serum 



Low serum 



PDGF 



IGF 



EGF 



PIE 





Low High 



P27§ 



Fig. 1. Treatment of Balb/c- B C High 

3T3 cells with specific mito- ^ > S u. 
gens. (A) Row cytometry f o g jjj g g (mm 

rum) and on subconfluent 

Balb/c-3T3 ceils that had been serum starved tor 24 hours (low serum) 
in the presence of a single growth factor (PDGF, IGF, or EGF) or of all 
three growth factors (PIE). The x axis shows DNA content; the y axis 
shows the number of cells. (B) p27 immunoblots (8) were done on cell extracts (10 y.g) from cells treated with 
growth factors as indicated. (C) Cell extracts from asynchronously proliferating Balb/c-3T3 cells (high) and from 
Balb/c-3T3 cells that had been serum starved (low) for 24 hours were depleted of p27. Extracts (1 00 ^g) were 
incubated with antiserum to p27 (anti-p27) and protein A agarose for 1 hour at 4°C and collected by 
centrifugation. The supernatant was incubated twice more with p27 antiserum and protein A agarose. The 
immune-depleted (imm.) extracts (anti-p27) were analyzed by immunoblotting with antibodies to cyclin E (eye. 
E) {22) or p27 and were compared with undepleted extracts (-) and with extracts depleted with p27 preim- 
mune sera (PI). 




High serum 



Low serum 



Low serum 
+ AS 



Fig. 2. Requirement of 
p27 for cell cycle with- 
drawal. (A) How cytom- 
etry analysts of proliferat- 
ing 8alb/c-3T3 cells (high 
serum), subconfluent 
Balb/c-3T3 cells that had 
been serum starved for 
24 hours (low serum), or 
subconfluent. BaIb/c-3T3 
cells that had been se- 
rum starved for 24 hours 
after iipofection with ei- 
ther p27 MSM or p27 AS 
oligonucleotides (14). x 
axis, DNA content; y axis, 
number of cells. (B) p27 
immunoblot analysis of 
extracts (1 0 jig) from con- 
trol proliferating BaJb/c- 
3T3 cells (high), sub- 
confluent serum-starved 
BaJb/c-3T3 cells (low), 
and subconfluent Balb/c- 
3T3 cells that had been 
serum starved for 24 



hours after Iipofection with either p27 MS or AS oligo- 
nucleotides. (C) p27 immunoblot analysis of cyclin E r 
cyclin A, or Cdk2 immunoprecipitates (IP) from prolif- 
erating Balb/c-3T3 cells (high), subconfluent serum- 
starved Balb/c-3T3 cells (low), or BaJb/c-3T3 cells 

that had been serum starved for 24 hours after Iipofection with either MS or p27 AS oligonucleotides. 
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p27 was necessary for cell cycle control by 
serum mitogens. Phosphorothioate oligo- 
nucleotides were modified by the addition 
of a propynl group to the pyrimidine bases, 
which is thought to enhance base stacking 
and facilitate the sense-antisense interac- 
tion (13). Oligonucleotides were efficient- 
ly delivered to cells by association with a 
cationic lipid, GS2888 cytofectin. We 
used fluorescein isothiocyanate-labeled 
oligonucleotides to show that 90 to 95% 
of the cells took up and concentrated the 
oligonucleotides in the cell nucleus (/4). 
We used two different 15-base antisense 
oligonucleotides directed against murine 
p27, and two different mismatch control 
oligonucleotides, which had the same base 
composition as the antisense oligonucleo- 
tides but a scrambled nucleotide sequence 
(14). 

Balb/c-3T3 fibroblasts were exposed to 
p27 antisense and mismatch control oli- 
gonucleotides and then transferred for 24 
hours to medium lacking serum mitogens. 
Identical results were obtained with both 
antisense or with both control oligonucle- 
otides. The expression of p27 protein was 
substantially decreased in the antisense- 
treated cells (Fig. 2B), whereas the mis- 
match control had no effect on accumula- 
tion of p27 after serum withdrawal. Treat- 
ment of cells with antisense oligonucleo- 
tides to p27 did not decrease expression of 
the related CKI, P 21 C1PI (15). A decrease 
in the association of p27 with cyclin A 
and cyclin E corresponded to the decrease 
in overall amount of p27 in the antisense- 
treated cells (Fig. 2C). This was associated 
with restoration of cyclin E- and cyclin 
A-associated kinase activities in serum- 
starved cells (9). 

In a proliferating population of Balb/c- 
3T3 fibroblasts, 27% of the cells were in S 
phase, and this fell to about 9% of cells 
within 24 hours after serum withdrawal 
(Fig. 2A t Table 1). Cells exposed to the 
mismatch oligonucleotide behaved identi- 
cally to control cells. However, cells ex- 
posed to p27 antisense oligonucleotides did 
not undergo G x arrest after serum withdraw- 
al; 23% of the cells remained in S phase 
(Fig. 2A, Table 1). The p27 antisense oli- 
gonucleotides also prevented the osteosar- 
coma cell line SAOS-2 (Rb mutated; p53 
mutated) from exiting the cell cycle in re- 
sponse to serum withdrawal (Table 1). 
Thus, p27 is required for mitogen respon- 
siveness in more than one cell type, and the 
requirement is independent of the Rb status 
of the cell. 

Incorporation of bromodeoxyuridine 
(BrdU) or tritiated thymidine into nuclear 
DNA was used as an independent measure 
of the effect of p27 antisense oligonucle- 
otides on cell cycle progression (16). Both 
techniques showed that cells exposed to 



p27 antisense oligonucleotides continued 
to synthesize DNA for at least 24 hours 
after serum withdrawal, whereas cells 
treated with mismatch control oligonucle- 
otides did not (Fig. 3C) (16). Although 
the duration of antisense p27 inhibition is 
limited, cells treated with p27 antisense 
oligonucleotides express low amounts of 
p27 protein and continue to proliferate for 
at least 48 hours without serum mitogens. 

To demonstrate the specificity of the 
antisense oligonucleotides (17), we 
showed that enforced expression of p27 in 
antisense-treated cells restored serum re- 
sponsiveness. The degeneracy of the ge- 
netic code was exploited to construct a 
p27 expression plasmid that could not be 
inhibited by the antisense oligonucleo- 
tides but nevertheless encoded wild-type 
p27 protein (the p27 "wobble" plasmid) 
(Fig. 3 A). A "tagged" version of the p27 
wobble plasmid also was constructed, 
which encoded an electrophoretic variant 
of p27 resulting from a single amino acid 
change outside of the domain targeted by 
the antisense oligonucleotide. The tagged 
p27 could be separated and thereby distin- 
guished from endogenous p27, enabling us 
to simultaneously test the effects of p27 
antisense oligonucleotides on expression 
from the genes encoding the wild- type and 
wobble p27 in the same cell. The p27 
antisense oligonucleotides effectively in- 
hibited expression from both an exoge- 
nous wild- type gene for p27, and from the 
endogenous gene for p27, but did not in- 
hibit p27 protein expression from the p27 
wobble plasmid (Fig. 3B). Baib/c-3T3 cells 
were lipofected with mismatch or p27 an- 
tisense oligonucleotides and then micro- 
injected with a plasmid encoding (3-galac- 
tosidase (p-Gal) (to mark the injected 
cells) and the p27 wobble plasmid. Cells 
were then serum-starved for 24 hours, and 
the percentage of cells in S phase was 
measured by exposure to BrdU. Lipofec- 
tion of cells with p27 antisense oligonu- 
cleotides decreased the percentage of cells 
that withdrew from the cell cycle after 
mitogen depletion, and this was reversed 
by microinjection with the p27 wobble 
plasmid (Fig. 3C). These results showed 
that the inability of p27 antisense-treated 
cells to exit the cell cycle after mitogen 
depletion is specifically caused by the loss 
of p27 expression. 

It has been suggested that the basal 
amount of p27 expressed in proliferating 
cells may contribute to an inhibitory 
threshold imposed on CDK activation 
during G { (18). At one extreme, large 
amounts of p27 prevent CDK activation 
and arrest the cell cycle in G x (7), whereas 
decreased p27 expression might allow pre- 
mature CDK activation and a shortened 
G { (19). To test this idea, exponentially 



proliferating Balb/c-3T3 cells were lipo- 
fected with p27 antisense or mismatch 
control oligonucleotides and allowed to 
proliferate in medium containing a high 
concentration of serum for an additional 
24 hours. The p27 antisense treatment 
decreased p27 protein expression in pro- 
liferating cells to well below the normal 
basal amount. This markedly decreased 
the percentage of cells in G x (Table 1), 
showing that the length of G x was short- 
ened relative to other phases of the cell 
cycle. No effect on p27 expression or cell 
cycle distribution was seen in the mis- 
match control (9). This is consistent with 
the hypothesis that the amount of p27 
expressed in proliferating cells contributes 
to the length of G r 



A 

(101) L A Q E S (105) 

p27WT CTG GCG CAG GAG AGC 

p27WM --T --A --A TCA 

B WT WM 



p27 antisense * + 




p27Wob MSM MSM AS AS 
+■ + 
p27Wob p27Wob 

Fig. 3. Restoration of serum responsiveness by 
enforced expression of p27. (A) Depiction of 
bases that were changed in the p27 wild-type 
( WT) sequence to create the p27 wobble mutant 
(WM) plasmid {28, 29). These are the bases that 
hybridize to p27 antisense oligonucleotides. (B) 
p27 immunoblot analysis of proliferating Balb/c- 
3T3 cells 24 hours after lipofection in the presence 
(+) or absence (-) of p27 AS oligonucleotides 
with plasmid encoding either WT or the tagged 
(p27*) p27 wobble mutant (WM). (C) Proliferating 
Baib/c-3T3 fibroblasts (high) were lipofected with 
p27 MSM or AS oligonucleotides for 6 hours in a 
high concentration of serum. Cells were then mi- 
croinjected with plasmids encoding J} -Gal (74) 
and untagged p27 wobble mutant plasmid 
(p27Wob) as indicated. Cells were rinsed once 
with serum-free medium and incubated for 24 
hours in medium containing 0.1% serum (low). 
Cells were labeled for the last 3 hours of the ex- 
periment with BrdU. Cells were stained for p-Gal 
expression {14) and immunostained for BrdU in- 
corporation. The percentage of (3 -Gal-positive 
cells that incorporated BrdU was determinej. 
Data represent the average of three independent 
experiments. 
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M^iSur-Jresults show that restriction point 
#ib^So^ ; of nontransfbnnecl, immortalized 
fi'Balr^c-3T3 cells requires the CDK inhibitor 
p27* ipl . In cells deprived of mitogens, p27 
amounts are elevated, essential cyclin-CDK 
complexes are inactivated, and the cell cycle 
stops in G r If p27 amounts do not increase, 
then the cell remains committed to the cell 
cycle independently of serum mitogens. As 
in the cells studied here, p27 expression is 
also mitogen dependent in primary cells and 
in other established cell lines. However, it 
remains possible that some regulatory path- 
ways that contribute to restriction point 
control in vivo are no longer evident in 
some established cell lines. 

Mitogenic signals have other effects on 
cell cycle regulators such as the Rb pro- 
tein, whose phosphorylation by CDKs 
temporally coincides with the restriction 
point in Gj (20). p27 is a global regulator 
of CDKs in G p so the control of Rb 
phosphorylation by mitogens could reflect 
the intermediary action of p27. Some as- 
pects of the restriction point are altered in 
cells lacking Rb, such as the ability of the 
cell cycle to arrest after partial inhibition 
of protein synthesis (21), but Rb -/ ~ 
mouse embryo fibroblasts remain respon- 
sive to mitogens. Rb phosphorylation may 
represent just one of a set of CDK-depen- 
dent events that occur at the restriction 
point. Gj cyclin expression is also micogen- 
dependent (22), and constitutive cyclin 
overexpression in cultured fibroblasts par- 
tially overcomes the antiproliferative ef- 
fect of mitogen depletion (19). Thus, mi- 
togens have complementary effects on 
CDK activation — they both increase ex- 
pression of cyclins, the CDK-activating 
subunits, and decrease expression of p27, a 
CDK-inhibitory subunit. The concerted 
regulation of cyclins and CDK inhibitors 
allows transit through G t and is required 
to link mitogenic signals with cell cycle 
progression at the restriction point. How 
these pathways become independent of 
mitogens in post-restriction point cells 
remains to be determined. 

REFERENCES AND NOTES 



1. H Temin, J. Ceil. Physiol. 78, 161 (1971). 

2. A. Pardee, Proc. Natt. Acad. Sci. U.S.A. 71 , 1286 
(1974). 

3. O. Larsson, C. Latham, P. Zickert, A. Zetterberg, J. 
Ceil. Physiol. 139, 477 (1989); A. Zetterberg and 0. 
Larsson, Proc. Wat/. Acad. Sci. U.S.A. 82, 5365 
(1985). 

4. C. Sherr, Cell 79, 551 (1994). 

5. M. Serrano, G. Hannon, D. Beach, Nature 366, 704 

(1993) ; G. Hannon and D. Beach, ibid. 371, 257 

(1994) ; W. El-Deiry ef a/., Ce//75, 89 (1993); Y. Xtong 
et a/., Nature 366, 701 (1993); K. Polyak et a/., Ceil 
78. 59 (1994); H. Toyashima and T. Hunter, ibid., o. 
67; M. Lee, I. Reynisdotttr, J. Massaugue, Genes 
Dev. 9, 639 (1995); S. Matsuoka et ai, ibid., p. 650; 
A. Koff et at., Science 260/536 (1993). 

6. K. Gould, S. Morreno, 0. Owen, S. Sazer, P. Nurse, 
EMBOJ. 10, 3297 (1991); M. Solomon, J. Harper, J. 



Shuttleworth, ibid. 12, 3133 (1993); M. Soiomon, T. 
Lee, M. Kirschner, Mol. Biol. Cell 3, 13 (1992); P. 
Jeffrey et a/., Nature 376, 313 (1995); D. Morgan, 
ibid. 374, 131 (1995). 

7. K. Polyak ef a!.. Ceil 78, 59 (1 994); H. Toyashima and 
T. Hunter, ibid., p. 67. 

8. J. Nourse ef a/., Nature 372, 570 (1994); J. Kato ef 
a/., Ceil 79, 487 (1994). 

9. Proliferating Balb/c-3T3 fibroblasts were rinsed in se- 
rum-free medium and refed with medium containing 
0.1% serum. p27 protein immunoblots (ECL, Amer- 
sham) were performed on cells harvested at 4, 8, 1 2, 
16, and 24 hours after refeeding. Histone H1 kinase 
assays (8) were done on cyclin A, cyclin E, and Cdk2 
[23) immunoprecipitated from Bafb/c-3T3 extracts 
made from proliferating and serum -starved cells. Se- 
rum-starved celts lipofected with p27 antisense oligo- 
nucleotides contained increased amounts of cyclin 
E- and cyclin A--associated histone H1 kinase activity 
as compared with serum-starved cells. For experi- 
ments done with proliferating cells, proliferating cells 
were lipofected with either p27 mismatch or p27 an- 
tisense oligonucleotides and analyzed 24 hours later 
by flow cytometry and p27 immunoblots. The amount 
of p27 was three to five times less in cells treated with 
p27 antisense oligonucleotides than in proliferating 
cells and proliferating cells lipofected with p27 nrtis : 
match oligonucleotides. 

10. Experiments were done as described (Fig. 1C), with 
the exception that cyclin A and p27 immunoblots 
were done on extracts depleted in p27. All of the 
cyclin A was bound to p27 in extracts from serum- 
starved cells, whereas only a small fraction (5%) of 
cyclin A was associated with p27 in proliferating 
cells. 

11. W. Pledger, C. Stiles, H. Antoniades, C. Scherr,' 
Proc. Natl. Acad. Sci. U.S.A. 74, 4481 (1977); E. 
Leaf, J. Van Wyk, E. O'Keefe. W. Pledger, Exp. Cell 
Res. 147, 202(1983). 

12. Density-arrested Balb/c-3T3 fibroblasts were rinsed 
in serum-free medium and refed with medium con- 
taining 0, 1 % serum and 1 0 ng per milliliter of medium 
of PDGF-BB, IGF-1. EGF, or IGF-1 and EGF, or all 
three growth factors. Cells were harvested 24 hours 
later and analyzed by flow cytometry for DNA con- 
tent and p27 immunoblots. A combination of all three 
growth factors was required to stimulate 70% of the 
cells to enter the ceil cycle and decrease p27 
amounts by 1 0 times. 

13. K. Raviprakash ef a/., J. Virol, 69, 69 (1995). 

1 4. The oligonucleotides were synthesized on an auto- 
mated synthesizer (model 8750, Milligen Biore- 
search, Bedford, MA) as described (24). The anti- 
sense oligonucleotide sequence used in these exper- 
iments was 5' -UGG CUC UCC UGC GCC-3' (targets 
base pairs 306 to 320 of murine Kip1) and the mis- 
match sequence was 5' -UCC CUU UGG CGC Gee- 
s'. For the lipofection procedure, 30 nM oligonucle- 
otides were mixed with GS2888 cytofectin (2.5 jig/ 
ml) (25) (Gilead Scientific, Foster City, CA) in serum- 
free medium and incubated for 10 min at 37°G. 
Proliferating Balb/c-3T3 fibroblasts were rinsed once 
in serum-free medium and refed with oligonucleotide- 
cytofectin solution in medium containing 0.1% se- 
rum. Cells were then incubated for 24 hours in hu- 
midified incubators at 37°C with 5% C0 2 . The per- 
centage of cells that were positive for uptake of fluo- 
rescein isothiocyanate-labeled oligonucleotides was 
determined by ultraviolet fluorescence microscopy. 
Microinjection, immunofluorescence staining, and 
fluorescence microscopy were carried out as de- 
scribed (26). For costaining of p-Gal and BrdU. the 
cells were fixed and stained as previously described 
(26, 27). 

1 5. Proliferating Balb/c-3T3 fibroblasts were lipofected 
with antisense and mismatch oligonucleotides {14). 
The amount of p21 was increased in proliferating 
cells as compared with that in serum -starved cells 
(23). Cells lipofected with either p27 mismatch or 
antisense oligonucleotides expressed slightly larger 
amounts of p21 as compared with amounts in se- 
rum-starved control cells. 

1 6. Proliferating Balb/c-3T3 fibroblasts were lipofected 
with p27 mismatch or antisense oligonucleotides 
{14). For BrdU experiments, Balb/c-3T3 cells were 
labeled for the last 3 hours of the experiment with 



BrdU and immunostained with monoclonal anti- 
bodies to BrdU as described (22). The percentage 
of total cells (on a 1-mm cover slip) that stained 
positive for BrdU incorporation (percent of labeled 
nuclei) was determined. Thirty-five percent of se- 
rum-starved cells treated with p27 antisense oligo- 
nucleotides incorporated BrdU into nuclear DNA, 
whereas only 2 to 3% of the, cells treated with 
mismatch control oligonucleotides did so. For triti- 
ated thymidine experiments, cells were labeled for 
the last 3 hours of the experiment with ( 3 H]thymi- 
dine (1 jiCi/ml). The amount of [ 3 H]thymidine incor- 
porated into serum-deprived cells treated with an- 
tisense or mismatch oligonucleotides was com- 
pared with the amount of [ 3 H]thymidine incorporat- 
ed into asynchronously proliferating cells. 

1 7. R. Wagner, Nature Med. 1,1116 (1995). 

1 8. C. Sherr and J. Roberts, Genes Dev. 9, 1 1 49 (1 995). 

19. M. Ohtsubo and J. Roberts, Science 259, 1908 
(1993); 0. Quelle et a/., Genes Dev. 7, 1559 (1993); 
D. Resnitzky and S. Reed, MoL Ceil. Biol. 15, 3463 

(1995) . 

20. J. Lees ef a/., EMBO J. 10, 4279 (1991); K> Buch- 
kovich, L Duffy, E. Harlow, Ce//58, 1097 (1989); R. 
Chen etal., ibid., p. 1 193; J. Kato etal., Genes Dev. 
7, 331 (1993); B. Un etal., EMBOJ. 10, 857 (1991). 

21 . R. Herrera, R. Weinberg, T. Jacks, unpublished data. 

22. H. Matsushime, M. Roussel, R. Ashmun, C. Sherr, 
Ce//65, 701 (1991); A. Koff etal., Science 257, 1689 

(1992) . 

23. E. Firpo, A. Koff, M. Solomon, J. Roberts, Mol. Ceil. 
Biol. 14,4889(1994). 

24. B. Froehler, Protocols for Oligonucleotides and An- 
alogs: Synthesis and Properties (Humana, Totowa, 
NJ, 1993); B. Froehler, S. Wadwani, T. Terhost, S. 
Gerrard, Tetrahedron Lett. 33, 5307 (1992); B. 
Froehler, R. Jones, X. Cao, T. Terhost, ibid. 34, 1003 

(1993) . 

25. J. Lewis etal., Proc. Natl. Acad. Sci. U.S.A. 93, 2400 

(1996) . 

26. T. Fisher, T. Terhost, X. Cao, R. Wagner, Nucleic 
Acids Res. 21 , 3857 ( 1 993); J. Hanvey ef ai , Science 
258, 1481 (1992); R. Wagner et ai, ibid. 260, 1510 
(1993); C Moulds ef ai, Biochemistry 34, 5044 
(1995). 

27. F. Girard, U. Strausfeld, A. Fernandez, N. Lamb, Ceil 
67, 1169(1991). 

28. Single-letter abbreviations for the amino acid resi- 
dues are as follows: A, Ala; D, Asp; E, Glu; L, Leu; Q, 
Gin; and S, Ser. 

29. To construct the p27 wobble expression plasmid 
used in Fig. 3C, a megaprimer was generated by 
polymerase chain reaction (PCR) amplification with 
the use of a primer to plasmid sequences (T7 prim- 
er) and a primer that contained mutations at the 
wobble positions for the amino acid sequence 
LAQESQ (28) (amino acids 102 to 1Q8) of murine 
p27. (5'-TAA AGG CAC CGC CTG GCG ACT ACC 
GCT GAC GTC CTG TGA TTC TTG TGC AAG CAC 
CTT GCA GGC GCT C-3'). The megaprimer was 
subsequently used with a primer to plasmid se- 
quences (T3 primer) at the 3' end to PCR-amplify a 
full-length clone, which was subcloned into the ex- 
pression vector pCS2+. These mutations created a 
p27 sequence with seven bases unmatched to the 
p27 antisense oligonucleotide and created a unique 
Aat II site. In addition to the base changes listed 
above for amino acids 102 to 108, the tagged p27 
wobble mutant used in Fig. 3B also fortuitously con- 
tained mutations at Ser 1 1 1 and Arg 1 1 2 . These amino 
acids had been converted to Thr and Ser, respec- 
tively. Bectrophoretically, the tagged p27 wobble 
mutant migrates slightly more slowly than do endog- 
enous murine p27 and exogenous wild-type p27. 

30. We thank members of the Roberts lab for sugges- 
tions and comments throughout the course of this 
work; R. Herrera, R. Weinberg, and T. Jacks for 
communicating results before publication; and D. 
Grant for technical assistance. Supported by a 
postdoctoral fellowship from the American Cancer 
Society (S.C.), an NIH Cancer Biology Tvaining 
grant (J.N.), and a Howard Hughes Medical Insti- 
tute (grant to G. Crabtree) and the NIH (J.R.). 

7 December 1995; accepted 20 February 1996 



880 



SCIENCE • VOL. 272 • 10 MAY 1996 



DECLARATION 



I, JOHN ALFRED RICHES, Fellow of the Institute of 
Linguists, of Oak Farm, Catfield, Great Yarmouth, Norfolk, 
England, do hereby declare that I am conversant with the 
English and German languages and am a competent translator 
thereof. I declare further that the following is a true and 
correct translation made by me of patent application 
PCT/EP99/01153 in the German language attached hereto. 

Signed this 15th day of August, 2000, 



DECLARATION 



I, 30HN ALFRED RICHES, Fellow of the Institute of 
Linguists, of Oak Farm, Catfield, Great Yarmouth, Norfolk, 
England, do hereby declare that I am conversant with the 
English and German languages and am a competent translator 
thereof. I declare further that to the best of my 
knowledge and belief the following is a true and correct 
translation made by me of internation patent application 
PCT/EP99/0I153. 

I hereby declare that all statements made herein of 
my awn knowledge are true and that all statements made on 
information and belief are believ/ed to be true; and 
further that these statements were made with the knowledge 
that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 
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PROCESS FOR THE TREATMENT OF DISEASES OR DISORDERS OF THE INNER EAR 

DESCRIPTION 

The invention firstly relates to a process for the treatment of diseases or 
disorders of the inner ear, which are linked with damage or destruction of 
the sensory cells of the inner ear. 

The inner ear of humans and other mammals can either be irreversibly damaged 
from the outset by a genetic defect or subsequently by external influences. 
These external influences can e.g. be acoustic trauma or toxic or hypoxic 
influences. Such damage can lead to functional disturbances or losses of the 
senses located in the inner ear, particularly hearing. In the case of these 
functional disturbances particular reference must be made to a reduction or 
disappearance of the power of hearing. It is estimated that in Germany 
approximately 12 million people suffer from a so-called perceptive deafness, 
which can be attributed to the aforementioned pathogenetic mechanisms. Apart 
from the degeneration of sensory neurons and damage to the so-called stria 
vascularis of the inner ear, a cause of partial or complete loss of the power 
of hearing can in particular be damage or destruction of the sensory cells of 
the inner ear and consequently the hearing organ - 

In a process for the treatment of diseases or disorders of the inner ear 
linked with damage or destruction of the sensory cells, it must be borne in 
mind that it is no longer possible to regenerate irreversibly damaged and 
therefore lost cells in the highly differentiated sensory epithelia in the 
inner ear of humans and other mammals. Thus, a partial or complete hearing 
loss due to damage or destruction of the sensory cells of the inner ear is 
generally irreversible. In this respect the sensory epithelia of the inner 
ear fundamentally differ from other tissues, where necrotic cells can be 
rapidly replaced by the division of substitute cells and their subsequent 
maturation . 

It is of interest that in other vertebrate classes, such as e.g. birds, 
necrotic sensory cells in the inner ear can be regenerated, unlike the 
situation with humans. In birds sensory cells which have died after damage 
are replaced by so-called supporting cells located in the epithelium below 
the sensory cells. This takes place by division of the supporting cells and 
subsequent maturation, a new supporting cell and a sensory cell resulting 
from a supporting cell. 

The discovery of the regeneration of sensory cells in the cochlea of the bird 
has over the past few years led to an attempt being made to transfer research 
results made on the bird to mammals and therefore ultimately humans. This 
inter alia promised success, because the cochlea of the bird and the cochlea 
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of mammals have cell-biological points in common. Both the sensory 
epithelium of bird cochlea and the sensor epithelium of mammal cochlea are 
postmitotic, i.e. sensory cells present in the sensory epithelia are formed 
only during a specific time period of embryonic development, after which 
normally no further cell divisions occur. However, this fundamental point in 
common makes it difficult to understand the phenomenon that in the vestibular 
sensory epithelium of the bird cell divisions can be detected throughout its 
life, but not in humans. 

As it was recognized in the bird that so-called growth factors can give rise 
to an increased proliferation rate in the bird cochlea, such growth factors 
were also used in the mammal cochlea. However, it was not possible to prove 
a reproducible action. This makes it obvious to draw the conclusion that 
despite fundamental cell-biological points in common, there must be other 
significant differences between bird and mammal cochlea. These could be that 
the supporting cells of the bird cochlea, as in the mammal, are postmitotic, 
but have only temporarily left the cell cycle. They can then reenter the 
cell cycle when a corresponding signal appears . Such supporting cells can be 
called quiescent, i.e. they are in the waiting state. As opposed to this the 
supporting cells of the mammal pass through a very high and specific 
differentiation and consequently irreversibly leave the cell cycle. They can 
consequently be called terminally differentiated and are e.g. comparable with 
neurons. This can apply in the case of the supporting cells of the mammal, 
which are referred to as so-called Pillar's or Dexter 's cells. Such explan- 
ation models for cell-biological differences between bird and mammal cochlea 
have given rise to a more detailed investigation of the regeneration of the 
sensory cells in the bird in order to subsequently transfer the results 
obtained to mammals. 

However, the problem of the present invention is to find a new starting point 
for the treatment of disorders or diseases of the inner ear, which are linked 
with damage or destruction of the sensory cells of the inner ear. The aim is 
less to transfer to mammals and in particular humans results obtained on 
vertebrates other than mammals and more to make available an action mechanism 
and corresponding active ingredients, which act directly in the cellular 
processes in the mammal and ultimately lead to a regeneration of the sensory 
cells of the inner ear. 

This problem is solved by the process having the features of claim 1 and the 
process with the features of claims 2 and 3. Preferred developments are 
described in the dependent claims 4 to 21 . Thus, by reference, the content 
of all the claims is made into part of the present description. 

According to the invention, the process of the aforementioned type is 
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characterized in that at least one so-called cell cycle inhibitor present in 
the inner ear has its inhibiting action partly inhibited or eliminated by at 
least one active ingredient, which results in a regeneration of the sensory 
cells of the inner ear. From the patent law sense this process also 
incorporates the use of an active ingredient able to inhibit or eliminate the 
action of a cell cycle inhibitor present in the inner ear, either directly 
for the treatment of diseases or disorders of the inner ear or indirectly for 
preparing a pharmaceutical composition or a medicament for the treatment of 
diseases or disorders of the inner ear, said diseases/disorders being linked 
with damage or destruction of the sensory cells of the inner ear. 

The regeneration of the sensory cells of the inner ear resulting from the 
process according to the invention preferably takes place through a stimula- 
tion of the proliferation of the supporting cells of the inner ear, i.e. the 
supporting cells also present in the sensory epithelium and usually located 
between and below the sensory cells. As there are one or more cell cycle 
inhibitors in the supporting cells of the inner ear, by inhibiting or elimin- 
ating their inhibiting action by a suitable active ingredient it is possible 
to initiate the cell division of the supporting cells, thereby creating a 
fundamental prerequisite for creating replacement or substitute cells for the 
necrotic or dead sensory cells. The cells resulting from the division of the 
supporting cells can then at least partly mature to functional sensory cells. 

With regards to the sensory cells of the inner ear referred to up to now, 
these are preferably so-called hair sensory cells or short hair cells, which 
have at their upper end hair-like extensions, so-called stereocilia or small 
sensory hairs . These hair cells are located on the basilar membrane in the 
so-called corti-organ and form as so-called outer and inner hair cells the 
actual receptor cells for acoustic transduction in the inner ear. Both the 
inner and the outer hair cells are of interest for regeneration, regeneration 
of the outer hair cells representing a particular field of use of the 
invention as a result of their greater sensitivity. Those supporting cells 
which are anatomically particularly well associated with the inner or outer 
hair sensory cells can in particular be used for the active ingredient 
employed according to the invention. Thus, apart from outer hair sensory 
cells as supporting cells can be used the so-called Hensen's cells and, below 
the outer hair sensory cells, the so-called Deiter's cells and "outer" 
Pillar's cells. These Hensen's, Deiter's and outer Pillar's cells are 
consequently particularly suitable as replacement cells for the outer hair 
sensory cells. Correspondingly alongside and below the inner hair sensory 
cells are provided the so-called inner sulcus cells as supporting cells and 
within the inner hair sensory cells also the inner Pillar's cells, both being 
usable as replacement cells for the inner hair sensory cells. Thus, option- 
ally a regeneration of inner or outer hair cells can be selectively initiated 



and influenced. Reference can be made in this connection to the relevant 
textbooks and articles concerning the hearing process in mammals, partic- 
ularly humans. The regeneration of the hair sensory cells participating in 
acoustic transduction in the inner ear for the treatment of perceptive 
deafness in the case of damage to said sensory cells represents the main 
field of use of the present invention. 

The cell cycle inhibitors, whose inhibiting action is to be inhibited or 
eliminated according to the invention, can fundamentally be different 
physiological substances, particularly proteins, preventing the cell passing 
through the normal cell cycle, including cell division. They are preferably 
so-called cyclin-dependent kinase inhibitors (CDKIs) . It is known that 
during the development of an organism they are expressed to a reinforced 
extent during the occurrence of terminally differentiated cells and in this 
way prevent the reentry of the cell into the cell cycle. This would also 
explain the loss of the dividability of such cells with reinforced expression 
of cyclin-dependent kinase inhibitors. Cell cycle inhibitors and in partic- 
ular cyclin-dependent kinase inhibitors of the so-called CIP/KIP family can 
be selectively expressed in specific cell types. Preferred cyclin-dependent 
kinase inhibitors are in particular the proteins referred to as p21 ci P 1 ' 
p27 Ki P 1 and p57 R iP 2 .. According to the invention preference is given to the 
cyclin-dependent kinase inhibitor p27Kipi . As a result of the selective 
expression of such inhibitors and the different expression patterns resulting 
therefrom, the invention can be used for selectively influencing the cell 
cycle in a specific cell type. If e.g. in a specific cell type, such as e.g. 
the supporting cells in the sensory epithelium of the inner ear, p27^ipi j. s 
expressed selectively or at least with a significant proportion, by means of 
an active ingredient aimed specifically at this inhibitor, it is possible to 
eliminate its inhibiting action and consequently initiate or stimulate the 
proliferation of supporting cells. By means of a maturation of at least part 
of the cells resulting from the division of the supporting cells, a 
regeneration of the sensory cells is brought about . 

As is apparent from the statements up to now, according to the invention the 
inner ear disease or disorder involved is in particular a so-called percep- 
tive deafness. This is linked with the already described damage or destruc- 
tion of the hair sensory cells in the inner ear. 

In the case of the active ingredient usable according to the invention, which 
inhibits or eliminates the inhibiting action of the cell cycle inhibitor, is 
preferably a substance, which normally acts in intracellular manner either 
directly or indirectly on the inhibitor, i.e. normally a peptide or protein. 
The active ingredient is preferably present in the form of a peptide or 
protein, which effects a peptide-peptide or protein-protein interaction with 
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preferably higher affinity with one of the two interaction partners at the 
particular bonding point. This inhibits or prevents the standard physio- 
logical interaction, because the corresponding bonding point for the physio- 
logical interaction partner is blocked. 

Thus, e.g. for a bonding point between p27*ipi an a cyclin A, but also CDK2, an 
optimized peptide structure or optimized amino acid sequence can be developed 
for the amino acid sequence of p27*ipi at this point, which then bonds with a 
better, i.e. higher affinity with the corresponding sequence of cyclin A or 
CDK2 at this point. Such an optimized peptide structure e.g. and preferably 
comprises up to 15 amino acids and can then be directly introduced into the 
cell or preferably expressed in intracellular manner by an artificially 
introduced gene. Through the high affinity of such a peptide the interaction 
of the physiological peptide partner is then destroyed and the formation of 
the peptide complex, based on the inhibiting action of the cell cycle 
inhibitor is prevented. Thus, the active ingredient ensures an at least 
partial inhibition or a complete elimination of the inhibiting action of the 
cell cycle inhibitor. As a result of this process starting point of the 
invention the concentration of the active ingredient, particularly the 
peptide/protein with the corresponding amino acid sequence in the cell only 
has to be roughly of the same level as the corresponding concentration of the 
cell cycle inhibitor, whose action is to be inhibited or eliminated. As such 
concentrations, e.g. of p27 Ki -P 1 are approximately 10 nM/1 and roughly 
correspond to 1,000 to 10,000 molecules per cell, even very low concen- 
trations can suffice for the performance of the invention. It is also 
important that for achieving such a concentration using gene-therapeutic 
methods it is sufficient to introduce only a single copy of a DNA, coding for 
the corresponding amino acid sequence, for each cell. Compared with other 
methods which have to use much higher concentrations or a larger number of 
DNA copies, this represents a decisive advantage. 

According to a further development the process according to the invention can 
be performed in such a way that the active ingredient is in the form of a so- 
called vector or vehicle, said vector or vehicle carrying at least one of the 
above-described nucleic acid molecules. Preferably it is a nucleic acid 
molecule, which codes for the amino acid sequence of a peptide or protein 
serving as the active ingredient . Said vectors can be conventional viral and 
non-viral vectors, as are known to the expert. When using viral vectors use 
can be made of retroviruses, adenoviruses or adeno-associated viruses. In 
the case of non-viral vectors it is known that no viral DNA participates, so 
that here fundamentally a "bare" DNA can be introduced into a cell. However, 
preferably such nucleic acid molecules are packed in so-called liposomes or 
lipoplexes and are introduced in this form into the organism and cell. The 
use of non-viral vectors or lipoplexes is fundamentally preferred, because 
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The invention finally relates to a pharmaceutical composition or medicament, 
which contains at least one active ingredient able to inhibit or eliminate 
the action of a cell cycle inhibitor present in the inner ear, in an active 
quantity, as well as conventionally a pharmaceutically acceptable carrier or 
support. With respect to the active ingredient contained in the composition 
or medicament express reference is made to the statements hereinbefore and 
the content of claims 28 and 29. 

The described and further features of the invention can be gathered from the 
following description of a preferred embodiment in conjunction with the 
subclaims, the example and the drawing. The individual features can be 
implemented individually or in the form of subcombinations. 

Fig. 1 is an electron micrograph of a cell in nuclear division in the 

sensory epithelium of the corti-organ of a so-called p21^P } knockout 
mouse . 

Example 

For the test use was made of a so-called p27*ipi knockout mouse (p27-/-) , a 
mouse lacking the gene for expressing the protein p27 Ki P 1 . Thus, in such a 
mouse p27 Ki P 1 cannot evolve per se its cell cycle-inhibiting action. 

The corti-organ is removed from such a p27^ipi knockout mouse on the seventh 
day after birth (postnatal day 7) and is prepared in the usual way for 
electron microscopic examination making it possible to see the sensory 
epithelium of the corti-organ. 

The result of the electron microscopic examination is shown in fig. 1 . This 
electronic micrograph shows that a cell in nuclear division (mitosis) , i.e. a 
mitotic cell is located between two left-hand, upper or right-hand, lower, 
inner hair cells, whereof the black bordered nuclei are at the left-hand top 
(complete) and right-hand bottom (partial) . Mitosis is clearly visible on 
the condensed chromatin, the dissolved nuclear membrane and the basal body, 
the inner hair cell top left and the basal body are given English-language 
captions in the drawing to facilitate understanding. 

Fig. 1 clearly shows that the lack of the cell cycle inhibitor p27*ipi leads 
to the possibility of a cell division of supporting cells located there in 
the sensory epithelium of the corti-organ of the mouse. Mention is also made 
of the fact that in the case of the cell division shown in fig. 1 it is not a 
single phenomenon within the sensory epithelium of the corti-organ, but 
instead a large number of the cells there undergo a cell division and 
therefore pass through the cell cycle. The phenomenon shown in fig. 1 
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enables the conclusion to be drawn that not only a cell division, but also 
following a cell division, which represents the decisive step in the hair 
cell regeneration process, there is also a differentiation or maturation to 
hair sensory cells and finally a functional recovery of the auditory function 
of the sensory organ. Thus, a regeneration of the sensory cells is possible. 
This conclusion is supported by the fact that in the case of the knockout 
mouse there is not a single mitosis, but instead such knockout mice have more 
hair cells than normal mice, in which the protein p27^ipi is expressed. Thus, 
the mitosis of the supporting cells also results in matured sensory cells. 
The correctness of this conclusion is confirmed by the following results. In 
the case of heterozygous knockout mice the regeneration of hair cells was 
proved in that in the second week of living of the animals when they evolve 
the auditory function, the hair cells were destroyed by the systemic 
administration of amikacin. After a further two weeks without, any injection 
the animals were killed and their cochlea examined. This revealed regener- 
ated hair cells in the cochlea, which are marked or labelled by a prolifer- 
ation marker or label (bromodesoxyuridine - BrdU) e.g. administered with the 
amikacin . 

Thus, not only in knockout mice where the gene for p27 K iP 1 was missing from 
the outset, but also by inhibiting or eliminating the p27«ipi expressed in the 
normal organism, e.g. with the aid of a peptide interacting with p27*ipi or 
one of its physiological partners, with the aid of the nucleic acid sequence ■ 
coding for this peptide or with the aid of an antisense-DNA/antisense-RNA it 
is possible to bring about a regeneration of the sensory cells. This can 
also take place by an only partial elimination of the function of p27*ipi t 
because in the case of heterozygous mice a gene dose-dependent effect is 
observed. 
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PROCESS FOR THE TREATMENT OF DISEASES OR DISORDERS OF THE INNgR . EAR 

CLAIMS 

1 . Process for the treatment of diseases or disorders of the inner ear 
linked with damage or destruction of the sensory cells of the inner ear, 
characterized in that for the regeneration of the sensory cells of the inner 
ear the inhibiting action of at least one cell cycle inhibitor present in the 
inner ear is at least partly inhibited or eliminated by an active ingredient. 

2. Use of an active ingredient able to inhibit or eliminate the action of 
a cell cycle inhibitor present in the inner ear, for the treatment of 

diseases or disorders of the inner ear linked with damage or destruction of 
the sensory cells of the inner ear. 

3. Use of an active ingredient able to inhibit or eliminate the action of a 
cell cycle inhibitor present in the inner ear, for the preparation of a 
pharmaceutical composition or a medicament for the treatment of diseases or 
disorders of the inner ear linked with damage or destruction of the sensory 
cells of the inner ear. 

4. Process or use according to one of the preceding claims, characterized in 
that the regeneration of the sensory cells of the inner ear takes place by 
stimulating proliferation of the supporting cells of the inner ear. 

5. Process or use according to one of the preceding claims, characterized in 
that the sensory cells of the inner ear are hair sensory cells. 

6. Process or use according to one of the preceding claims, characterized in 
that the cell cycle inhibitor is a cyclin-dependent kinase inhibitor. 

7. Process or use according to claim 6, characterized in that the cyclin- 
dependent kinase inhibitor is the cyclin-dependent kinase inhibitor p27Kipi t 

8. Process or use according to one of the preceding claims, characterized in 
that the disease or disorder of the inner ear is a perceptive deafness. 

9. Process or use according to one of the preceding claims, characterized in 
that the active ingredient is at least one peptide or at least one protein. 

10. Process or use according to one of the preceding claims, characterized in 
that the active ingredient is at least one nucleic acid molecule, partic- 
ularly recombined nucleic acid molecule. 
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11. Process or use according to claim 10, characterized in that the nucleic 
acid molecule codes for a peptide or a protein according to claim 9. 

12. Process or use according to claim 10 or 11, characterized in that the 
nucleic acid molecule is a DNA molecule. 

13. Process or use according to claim 12, characterized in that the nucleic 
acid molecule is a cDNA molecule. 

14. Process or use according to claim 10 or 11, characterized in that the 
nucleic acid molecule is a RNA molecule. 

15. Process or use according to one of the preceding claims, characterized in 
that the active ingredient is in the form of a vector and preferably the 
vector carries a nucleic acid molecule according to one of the claims 1 0 to 
14. 

16. Process or use according to claim 15, characterized in that the vector is 
a viral vector. 

17. Process or use according to claim 16, characterized in that the virus is 
a retrovirus, an adenovirus or an adeno-associated virus. 

18. Process or use according to claim 15, characterized in that the vector is 
a non-viral vector. 

19. Process or use according to one of the claims 10 to 14, characterized in 
that it is a nucleic acid molecule packed in a, liposome or a lipoplex. 

20. Process or use according to one of the preceding claims, characterized in 
that the active ingredient is used in a therapeutically active quantity. 

21 . Process or use according to one of the preceding claims, characterized in 
that the active ingredient is intended for local application. 

22. Active ingredient for regenerating the sensory cells of the inner ear, 
particularly the hair sensory cells of the inner ear, characterized in that 
it is in a position to at least partly inhibit or eliminate the action of a 
cell cycle inhibitor present in the inner ear. 

23. Active ingredient according to claim 22, characterized in that the cell 
cycle inhibitor is a cyclin-dependent kinase inhibitor, preferably the 
cyclin-dependent kinase inhibitor p27&ipi . 
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24. Active ingredient according to claim 22 or 23, characterized in that it 
is at least one peptide or at least one protein. 

25. Active ingredient according to claim 22 or 23, characterized in that it 
is at least one nucleic acid molecule, preferably a recombined nucleic acid 
molecule . 

26. Active ingredient according to claim 25, characterized in that the 
nucleic acid molecule is a DNA molecule, cDNA molecule or RNA molecule. 

27. Active ingredient according to one of the claims 22 to 26, characterized 
in that the active ingredient is in the form of a vector or vehicle, which is 
preferably characterized by at least one of the features of claims 15 to 19. 

28. Pharmaceutical composition or medicament, characterized in that it 
contains at least one active ingredient able to inhibit or eliminate the 
action of a cell cycle inhibitor present in the inner ear in an active 
quantity and a pharmaceutically acceptable carrier. 

29. Pharmaceutical composition or medicament according to claim 28, 
characterized in that the active ingredient is an active ingredient according 
to one of the claims 23 to 27. 
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PROCESS FOR THE TREATMENT OF DISEASES OR DISORDERS OF THE INNER EAR 



ABSTRACT 



In a process for the treatment of diseases or disorders of the inner ear 
linked with damage or destruction of sensory cells of the inner ear, for 
regenerating the sensory cells use is made of at least one active ingredient, 
which at least partly inhibits or eliminates the inhibiting action of at 
least one cell cycle inhibitor present in the inner ear. In this process the 
sensory cells of the inner ear are preferably regenerated by stimulating the 
proliferation of supporting cells. The sensory cells of the inner ear are 
so-called hair sensory cells. As cell cycle inhibitors use can be made of 
cyclin-dependent kinase inhibitors such as in particular the cyclin-dependent 
kinase inhibitor p27Kipi . 
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1 . Process for the treatment of diseases or disorders of the inner ear 
linked with damage or destruction of the sensory cells of the inner ear, 
characterized in that for the regeneration of the sensory cells of the inner 
ear the inhibiting action of at least one cell cycle inhibitor present in the 
inner ear is at least partly inhibited or eliminated by an active ingredient . 

2. Use of an active ingredient able to inhibit or eliminate the action of a 
cell cycle inhibitor present in the inner ear, for the treatment of diseases 
or disorders of the inner ear linked with damage or destruction of the 
sensory cells of the inner ear. 

3. Use of an active ingredient able to inhibit or eliminate the action of a 
cell cycle inhibitor present in the inner ear, for the preparation of a 
pharmaceutical composition or a medicament for the treatment ~of diseases or 
disorders of the inner ear linked with damage or destruction of the sensory 
cells of the inner ear. 

4. Process or use according to one of the preceding claims, characterized in 
that the regeneration of the sensory cells of the inner ear takes place by 
stimulating proliferation of the supporting cells of the inner ear. 

5. Process or use according to one of the preceding claims, characterized in 
that the sensory cells of the inner ear are hair sensory cells . 

6. Process or use according to one of the preceding claims, characterized in 
that the cell cycle inhibitor is a cyclin-dependent kinase inhibitor. 

7. Process or use according to claim 6, characterized in that the cyclin- 
dependent kinase inhibitor is the cyclin-dependent kinase inhibitor p27^ipi . 

8. Process or use according to one of the preceding claims, characterized in 
that the disease or disorder of the inner ear is a perceptive deafness. 

9. Process or use according to one of the preceding claims, characterized in 
that the active ingredient is at least one peptide or at least one protein. 

10. Process or use according to one of the preceding claims, characterized in 
that the active ingredient is at least one nucleic acid molecule, partic- 
ularly recombined nucleic acid molecule. 
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11. Process or use according to claim 10, characterized in that the nucleic 
acid molecule codes for a peptide or a protein according to claim 9. 

12. Process or use according to claim 10 or 11, characterized in that the 
nucleic acid molecule is a DNA molecule. 

13. Process or use according to claim 12, characterized in that the nucleic 
acid molecule is a cDNA molecule. 

14. Process or use according to claim 10 or 11, characterized in that the 
nucleic acid molecule is a RNA molecule. 

15. Process for the treatment of diseases or disorders of the inner ear 
linked with damage or destruction of the sensory cells of the inner ear, 
characterized in that for regenerating the sensory cells of the inner ear the 
inhibiting action of a cyclin-dependent kinase inhibitor present in the inner 
ear is at least partly inhibited or eliminated by an active ingredient. 

16. Process according to claim 15, characterized in that the cyclin-dependent 
kinase inhibitor is the cyclin-dependent kinase inhibitor p27*ipi . 

17. Process according to claim 15 or 16, characterized in that the active 
ingredient is at least one nucleic acid molecule, particularly recombined 
nucleic acid molecule . 

18. Process according to claim 17, characterized in that the nucleic acid 
molecule is a RNA molecule. 

19. Process according to claim 17 or 18, characterized in that the nucleic 
acid molecule is an antisense sequence. 

20. Process or use according to one of the preceding claims, characterized in 
that the active ingredient is in the form of a vector and the vector 
preferably carries a nucleic acid molecule according to one of the claims 1 0 
to 14. 

21 . Process or use according to claim 20, characterized in that the vector is 
a viral vector. 

22. Process or use according to claim 21, characterized in that the virus is 
a retrovirus, an adenovirus or an adeno-associated virus. 
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23. Process or use according to claim 20, characterized in that the vector is 
a non-viral vector. 

24. Process or use according to one of the claims 10 to 14, characterized in 
that it is a nucleic acid molecule packed in a liposome or a lipoplex. 

25. Process or use according to one of the preceding claims, characterized in 
that the active ingredient is used in a therapeutically active quantity. 

26. Process or use according to one of the preceding claims, characterized in 
that the active ingredient is intended for local application. 

27. Pharmaceutical composition or medicament, characterized in that it 
contains at least one active ingredient able to inhibit or eliminate the 
action of a cell cycle inhibitor, particularly a cyclin-dependent kinase 
inhibitor present in the inner ear in an active quantity and a 
pharmaceutically acceptable carrier. 
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